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DECRIS Dubna ECR Ion Sources

DECRIS-2, DECRIS-2m, DECRIS-3, DECRIS4ar e firoom t emp
lon sources. The axial magnetic field is created by the coils with independent
power supplies. The radial magnetic field is created by permanent magnet
hexapole, made from NdFeB.

DECRIS-SC1 axial magnetic field is created by superconducting solenoids

DECRIS-2 U-400M cyclotroni 1995

ECR-4M i U-400 cyclotroni 1996(collaboration FLNR i GANIL (France))
DECRIS-3T TESLA Accelerator Installation (Belgrade)-1997
DECRIS-2m71 BIONT Inc. (Bratislava) i 2003

DECRIS-SC1 CI-100 cyclotron- 2004

DECRIS-3 - DC-60 accelerator complex (Astana, Kazakhstani 2006
DECRIS-41 in operation at the test bench 2005

DECRIS2mi tested — DC-72cyclotron (Bratislava)

DECRIS-SC2i new ion source for U400M T under commissioning

DECRIS-571 for DC-110 cyclotroni project/production




DECRIS-2

HEXAPOLE
External diameter, central part
External diameter, end part
Internal diameter 7cm
Hexapole length 20 cm
Hexapole field on the chamberwall | 1.1 T

PLASMA CHAMBER

Internal diameter for the main stage
Internal diameter for the injection pa
Length for the main stage

SOLENOID
Solenoid nurber
Internal diameter 18 cm
External diameter 34 cm

19 cm
16 cm

6.4 cm
29cm
22 cm







Modernization of the U-400M axial injection system, 2007
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TYPICAL ION CURENTS (epA)
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Development of DECRIS

DECRIS-3




About 66% of the total timeince 1997vereusedfor acceleratiort®Ca* ions for synthesis of new
superheavy elements. Within the mentioned peglechents with Z = 113, 114, 115, 116,7,118 were

synthesized. Chemical properties of Z = 112 were studied*®Taebeam intensity on the target is
8 10%pps (1.2peA)




- Operating hours of the U400 cyclotron in 1997
O 209Bi19+

0 136Xeld+

B 84,86Kr8+,9+,12+
O 58Fe6+

O 50Ti5+

Bl 48Ca5+

M 44Ca6+

B 40Ar4+,5+,6+
W 36S4+

I 24Mg3+

O 20,22Ne2+,3+
O 16,1802+

B 12C2+

B 6Lil+

O 6Hel+

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007




Production of the48Ca ion beam

581 samples of metalli¢®Ca were used since November 1997 till July 2010

Discharge ch r
ischarge chambel Coaxial tube

Measure

Ca spectrum with hot screen
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A=A

BENDING
o~ MAGNET

BUNCHER
YOPUMP
AAGNET U—400

BENDING
MAGNET

ANALYZING
MAGNET N

DB- diagnostics box
P- vacuum pump
SL- solenoidal lens

/81,582,583
|

$1-S4-focussing sclenoids Sine buncher
|
CM- stirring magnet '

FC- Faradey cup
G- gate valve
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DECRIS-4

DECRIS-471 was designed as an injector of multiply charged ions for the
U-400 cyclotron, which can be transformed to the charge breeder for the
second stage of the DRIBs project .

The design of the magnetic structure of the source is based on the idea of t
soccal l ed Anmagnetic plateauo. The a
iIndependent solenoids enclosed in separated iron yokes. The superposition

the coils and hexapole magnetic fields creatése resonance volume.

Since 2005 the source is in operation at the test bench and is used for the
experiments in the solid state physics and for beam development.

This year the source was equipped with the TWT amplifier VZUJ6997
(13,751 14,5 GHz, 750 W). The first experiments were performed.




Structureof the DECRIS4 DECRIS-4

1: Ironyoke. 2: Threendependentoils.
3: Hexapole. 4: Plasnzhamber.

5: extractiorelectrodes. 6: UHF input.
7 : Gasfeeding. 8: Pumping.

9: Biaselectrode. 10: Isolator

The whole magnetic structure is movable along thaxis with respect to the
plasma chamber to optimize theplasma electrode position during the source
operation.
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RESULTS DECRIS-4
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Test experiments for production of°°Ti ion beam

Three methods were used:

1. MIVOC (Metal lons from Volatile Compounds)
(CH3)sCsTiI(CH3)5 - (trimethyl)pentamethytyclopentadienyl titanium
T{OCH(CH,),}, - titanium isopropoxide

2. Oven method TiF,

3. Insertion method Ti rod.
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(CH,).C.Ti (CH,),

e |
The intensity is enough for experiments

. M " - - -
The synthesis is very complicated and with pure efficien
II-IIIIIIlll - S :

T{OCH(CH,),}, the current of Fless tharl eA

0 -
600 800 1000 1200 1400 1600

Stable mode with current offi~10+ 20€A.,
then unstable.

Relatively stable modgurrent variation-30 40 %)
during0,5+ 1 hour.

Then current drops to zero, or discharge became
uncontrollable
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DECRIS-SC 1on sources.
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ECR ion source with superconducting magnet system

Modernization of CI1-100 cyclotromn
Baccelerated ions Kr 15*, Xe?2+ energy 1f eV/n
Kr20+ Xe30+ 2 MeV/n
Aaccelerated beam intensity 102 pps
AThe high enough requirements on charge and intensity of accelerated be&imn
Xe %" demand the necessity of using the ion source with the large mirror ratio

strong magnetic field.
AiLi quid He freeodo techn




Parameters of DECRISSC

UHF frequency 18 28 GHz
Mirror field on the axis:

Extraction side 2T
Injection side 3T
Mirror to mirror distance 390 mm
Max. coil current 60 A
Radial field at the plasma 13T
chamber wall

Plasma chamber internal 74 mm
diameter

Max. extraction voltage 30 kv




SRR

1 - superconducting
solenoids; 2 - framework
of solenoids; 3 - thermal
screen; 4 - multilayer
screen-vacuum isolation;
6 - support of cold mass; 7
- vacuum casing; 8 -
magnetic shield; 91
current lead; 10 -
cryocooler; 11 - heat
pipes; 12 - "cold" diodes;
13 - absorbing resistors;
15 - nitrogen heat
exchanger.
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DECRIS-SC

Electrical power supply and safety system:

Passive protectiocect i onal i zati on, fncol d:¢
Active protectionthree sensor units of the normal zone and eight resisti
heaters, installed at the windings.
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Cooling of the solenoids

0 10 20 30 40 50 60 70 80 90 100 110 120 1 41:35  83:15 1250 166:40 208:20
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With LN heat exchanger With cryocooler only
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DECRIS-SC
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DECRIS-SC

N
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N General view of the source
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DECRIS-SC and axial injection system of CI -100 cyclotron
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DECRIS-SC

“Kr + 0,
U =125kV

extr

P =380/16 W

17+
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| “1I0 = 1I2 |
Krypton ion spectrum

Since May 2004 the source is in
regular operation at the cyclotron
for production of polymer
membranes and solid state physics
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Table of main parameters
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DECRIS-SC2

DECRIS-SC2 i s the compact version of t
lon source. The axial magnetic field is created by superconducting coils aimdn
plugs. The radial magnetic field is formed by permanent magnet hexapole.

1 Superconducting magnet syste

.:L:ﬁnr
R —
;’ﬁﬁw ﬁﬁ%&ﬁ%ﬁﬁ'”ﬂ%ﬂ.ﬂi

i %
L

Plasma chamber Hexapole
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DECRIS-SC2

Extraction

Microwave input

Pumping



| Components of DECRISSC2 |

Thermal screen I
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Coils 1,2 - 56 4
Coill3- 954
Coild4 - 514

Measured
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DECRIS-SC2

Power supply and control system of SC
magnet

The superconducting magnet system passed
the full test.

The source is assembled and installed at the
test bench.

Mechanical problems in coupling the source
with the test bench extraction box.



DRIBs (DubnaRadioactivel on Beans) project

AFirst phasei production and accelerationof & j
d& Jbeams.

ASecondphasei production and accelerationof fission
products(13?Sn)

U400 Hall Start Section

DRIBs in U400M Hall

Gallery

/

/ 10m
DRIBs in Gallery

U400M T

DRIBs in U400 Hall

U400M Hal|/|-|




DRIBs - Project
Transformation of the primary beam into

i o’ - — wl 1N
Magrestic rr .

analyror
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